BIOCHEMICAL SOCIETY TRANSACTIONS processes. Biochemical analyses support the proposal that the cultured tissues represent relatively faithful models of events in vivo. A combination of these techniques in vitro with particular emphasis on recent methods that permit quantitative biochemical determinations of high resolving power should yield considerable insight into the functions of neurons and particularly of neuroglia, functions of much greater specificity than is even suggested by the general terms of astrocytes and oligodendroglia. The biochemistry of any tissue represents the algebraic sum of processes going on in many different cells, and the interactions between these processes. Of all mammalian tissues, the cerebral cortex is organizationally the most complex, containing as it does an interlocking web of partially interconnecting cells of varying type and physiological function. For several years neurochemists have recognized that a n interpretation of cerebral biochemistry requires that the relative contributions of the major cell types and compartments be distinguished, and, for the purpose of metabolic or quantitative
Infancy (Kellaway, P., ed.), pp. The biochemistry of any tissue represents the algebraic sum of processes going on in many different cells, and the interactions between these processes. Of all mammalian tissues, the cerebral cortex is organizationally the most complex, containing as it does an interlocking web of partially interconnecting cells of varying type and physiological function. For several years neurochemists have recognized that a n interpretation of cerebral biochemistry requires that the relative contributions of the major cell types and compartments be distinguished, and, for the purpose of metabolic or quantitative enzymic or structural analyses, this necessitates the physical separation of the cells or cellular regions and their study in isolation. For cortex, the following cell regions or partially intercommunicating compartments [where we may define a compartment as 'any small region of tissue of uniform phase of homogeneous biochemical properties bounded by a region of phase change' (Rose, 1972) ] may be identified: neuronal cell bodies (2-5% of total volume); glia (5-10%); dendrites and axons (15-25%); nerve endings (synaptosomes) (10-15 %); blood vessels (30%). The remaining volume is extracellular space. In the present work, we have been concerned to compare preparations of neuronal cell bodies with a glial fraction which also contains some axonal and dendritic material and which we have therefore described as neuropil; in addition we have also sometimes included for comparison synaptosomal preparations, representing a third major compartmenr.
We first introduced a bulk isolation method for the cell fractions in 1965 (Rose, 1965) and have used it with relatively few changes subsequently. The method involves disaggregating cleaned cerebral-cortical tissue, generally of the adult rat, in a medium containing 11omM-KC1, 10mM-potassium phosphate buffer, pH7.4, and 11 % (w/v) Ficoll by passing the tissue and medium several times through a 130-pm nylon mesh mounted on a sawn-off syringe, followed by filtration through a 40-pm stainless-steel mesh. The resultant suspension is layered on a discontinuous Ficoll-sucrose gradient, and after centrifugation yields four fractions : afloating layer A of myelin, debris and undisrupted tissue (60-70% of total protein); interface layer B between 11 % and 30% Ficoll, containing glia, axonal and dendritic material (10-20% of total protein); interface layer C, between 30 % Ficoll and 1.45 M-sucrose, containing neuronal cell bodies (5-10 % of total protein); and pellet D, containing erythrocytes, nuclei and neurons (5-10% of total protein). The centrifugation is not isopycnic; distribution depends on ionic as well as density factors and recovery and protein yield depend in part on the loading of the gradient. Variations include a low-speed preliminary spin to remove subcellular debris (Sinha & Rose, 1972a) and filtration through a silicone-treated glass bead column to remove undisrupted tissue and capillary endothelial cells (Rose & Sinha, 1970) . Some 60-70% of the cells in the neuronal fraction are neurons and 60-66% of those in the neuropil fraction are glia. Morphological criteria for identification of the cells in suspension have been discussed elsewhere (Rose & Sinha, 1969) .
Since the method was first published, others have appeared, either variations of the mechanical disaggregation-gradient technique (for review, see Hamberger & Henn, 1972) or methodsdependingon theusesof alternativemedia, such as polyvinylpyrrolidone (e.g. Sellinger et a/., 1971) or of trypsin as a tissue disaggregant (Norton & Poduslo, 1970) . In general, results from our laboratory are in good agreement with those of Hamberger and his colleagues (see Hamberger & Henn, 1972; Rose, 1972) , but the data of Sellinger's group varies in several respects (Sellinger et al., 1973) . The use of trypsin or polyvinylpyrrolidone results in morphologically good-looking but metabolically relatively inert cells (Sinha & Rose, 1971 ); Norton & Poduslo (1970) have used their preparation mainly for study of cell lipids, where the purity is an advantage and metabolic integrity not crucial (see e.g., Norton et a/., 1973). Here I shall discuss primarily results obtained with cells prepared by our method and in our laboratory.
A crucial factor in assessing the data derived from separated cell preparations is the integrity of the cells and the relationship of their properties to those they possess in the tissue in situ. The reasons for believing the cell bodies to be relatively intact metabolically have been discussed elsewhere (Rose, 1968; Rose & Sinha, 1969; Hamberger & Henn, 1972) . Briefly, they relate to the capacity of the cells to metabolize glucose, resynthesize ATP, and accumulate K+ and amino acids against a gradient at rates not too far removed from that of the tissue slice; the cell bodies behave like osmometers, and lose metabolic and osmotic properties on homogenization, even in iso-osmotic media. Finally, an essential feature of any comparison is to measure the activity being compared not merely in the isolated neurons and neuropil but in all fractions recovered from the gradient and in the original suspension.
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I now summarize the principal enzymic and metabolic differences found between the cell fractions.
Glucose metabolism
In uitro, in a high-K+ Caz+-free medium both cell fractions metabolize glucose to a comparable extent, about 80% of the rate in slices (Rose, 1967) . This observation must be contrasted with the finding by L. Hertz, using micro-diver techniques, that on a wetweight basis the glial respiration rate is only some 23 % of the neuronal (e.g. Dittniann et al., 1973). L. Hertz has argued that the glia are high-potassium cells, accumulating ions released from the neurons during physiological activity. The discrepancy between bulk-separated and micro-diver preparations may be due to differences in incubation media, but we have no adequate explanation at present. In our hands, succinate dehydrogenase activity is the same in both cell fractions, cytochrome oxidase activity is 83 % higher in neurons than in neuropil and neuronal lactate dehydrogenase activity is 64% of that in neuropil. After incubation in vitro, ATP concentrations in neurons are 66 % higher than in neuropil.
Amino acid metabolism
We have examined the conversion of 14C-labelled substrates into the amino acids glutamate, glutamine, y-aminobutyrate, aspartate and alanine in vitro. The pool sizes of the free amino acids were all about twice as high in neurons than in neuropil, either directly after preparation of the fractions or after up to 2 h incubation with glucose. On the other hand the specific radioactivities of the amino acids were 3-8-fold higher in neuropil than in neurons, whether glucose or pyruvate was substrate. On the other hand, when ['"CIglutamate was substrate, the specific radioactivity of glutamine and aspartate was the same in the two fractions; labelling of y-aminobutyrate was still much higher in neuropil than in the neuronal fraction. We suggested that the metabolic differences between the fractions thus lay beyond pyruvate (Rose, 1972) . The activities of glutamate dehydrogenase and aspartate aminotransferase, though not of glutamate decarboxylase or glutamine synthetase, were more than twice as high in neurons than in neuropil, implying that they are not rate-limiting for these metabolic reactions. In vivo, we have used the cell-separation technique to investigate compartmentation of intracerebrally injected [14C]glutamate and glutamine between the cell types, leading to a direct demonstration of the morphological localization of 'small' and 'large' pools of glutamate metabolism described by Balazs (Balazs & Cremer, 1972) . Integrating the results of work in vivo and in vitro, we propose that amino acid generation from glucose is primarily a neuropil function, and that the large free pools of the amino acids found in the neurons imply a transport of the synthesized metabolites from cell to cell.
In addition, we may note that Hamberger (1971) has shown that the uptake of amino acids in vitro is very different in the two cell types; thus his glial preparation concentrated aspartate and glutamate, as well as some other amino acids, several times more than neurons.
Protein synthesis
Incorporation of precursors into protein has been followed in vivo and in vitro, and once again differences between the cell fractions were observed. In vitro, after a 30-min incubation, incorporation of [3H]lysine is about 2.5 times as fast into neuronal as into neuropil protein (Tiplady &Rose, 1971 ). Incorporation in vivo followed by cell fractionation showed a similar situation; after labelling for l h from either [3H]lysine or [14C]phenylalanine, protein specific radioactivity is 1.2-1.7 times as high in the neuronal as in the neuropil fraction (Rose & Sinha, 1974) ; again similar observations have been made by Blomstrand & Hamberger (1969 , 1970 , who have also found different patterns of neuronal and neuropil proteins on gel fractionation. If the incorporation time is prolonged, however, the neuronal specific radioactivity falls and the neuropil specific radioactivity rises, resulting in a neuronal/neuropil incorporation ratio of less than 0.6. We have interpreted this in terms of the presence of a rapidly labelling neuronal protein frac-tion (Rose & Sinha, 1974) . It is of considerable interest that changes in the rearing and environment of the animal appear to affect this rapidly labelled neuronal protein component; thus rearing of the rat in the dark seems completely to suppress incorporation into it and the neuronal/neuropil incorporation ratio is low even at short timeintervals .
Acid hydrolases
Of ten acid hydrolases studied, nine were more active in neurons than in neuropil (Sinha &Rose, 1972a, 1973) . The enzymes fall into four groups depending on the activity ratio between the cell types, and one, /3-galactosidase, which is some 10-fold more active in neuronal than neuropil fractions, we have suggested as a possible neuronal marker. These observations are in conformity with histological and micro-dissection data.
Transmitters and related enzymes
Monoamine oxidase activity is 84 % higher in neuronal than neuropil fractions, that of acetylcholinesterase is 110 % higher and that of butyrylcholinesterase 260% higher (Sinha & Rose, 1972b) . Despite the general belief that differences between acetylcholinesterase and butyrylcholinesterase activity should exist between neurons and glia, these results too are supported by histochemical data (see, e.g., Pavlin, 1965).
Subcellular fractionation
It is possible to make subcellular fractions from the cell fractions themselves, albeit in relatively low yield. This has enabled comparison of neuronal and neuropil mitochondria to be made (Hamberger et al., 1970) . We have studied lysosomal fractions, and found evidence for microheterogeneity and the greater enzymic activity of neuronal than of neuropil lysosomes (Sinha & Rose, 1972a) .
One can thus use cell-enriched fractions for most of the purposes of classical metabolic biochemistry, provided that appropriate cautions about interpretations are made (a caution, unfortunately, which has sometimes been lacking). Numerous biochemical properties are differentially distributed between the cells, and studies in uiuo suggest not only a continuous metabolic intercommunication between the neurons and their glia, but also that this intercommunication is itself dynamic and capable of modification in response to both long-and short-term changes in the environment of the organism, a possibility also suggested on the basis of his micro-dissection studies by H. HydCn (e.g. HydCn, 1960) . We have proposed that the metabolic dynamics of the neuron-glia unit could best be described, in their sensitivity to external events, as 'state-dependent', affording a possible coding mechanism at the biochemical level for experiential events at the level of the organism and its relations with the outside world. Much of the work described here has been done in collaboration with Mr. Arun K. Sinha, whose continuous contribution over several years to its development is substantial. Discussions with the other members of the Brain Research Group have also been important to its progress. Financial support from the M.R.C. is gratefully acknowledged. The nerve terminal and synaptic apparatus probably contribute less than 10% of the tissue volume of cerebral grey matter and the biochemical events proceeding in these regions are therefore not readily amenable to study by conventional techniques, owing to the dilution effects introduced by the non-synaptic regions that constitute the other 90% of the tissue. These dilution effects introduce the simple problem of low yield of the substances studied, and also one of interpretation, in terms of the compartments responsible for the observed changes, or release of these substances.
Synaptic Preparations for Studying
Preparations enriched in nerve terminals (synaptosomes) isolated from various brain regions and maintained under metabolic conditions provide one approach which partially overcomes these limitations in that the processes concerned in the synthesis, storage and release of transmitter compounds, which go on in the presynaptic regions, become concentrated in a single preparation and available for study by fairly simple techniques. The limitations for the approach are many. Among them must feature the absence of any contributions made in situ by the now absent non-synaptic regions of the tissue, such as the surrounding glial cells, and also the absence of the continuous flow of axoplasm to the terminal regions. In addition, there is the problem of determining the extent of any damage to the nerve terminals, either structural or biochemical, sustained during the mechanically severe procedures involved in their isolation.
However, the value of these preparations must ultimately be judged by their performance, and the data accumulated over the past few years is providing the basis for a positive and optimistic appraisal in this respect (de Belleroche & Bradford, 1973) . Thus, nerve endings isolated from cerebral cortex by using the sucrose-gradient methods of Whittaker (Gray & Whittaker, 1962) show high respiration in Na+-rich media containing 5m~-glucose (Table 1) (Bradford, 1967 (Bradford, , 1969 Verity, 1972; Diamond & Fishman, 1973) . This respiration supports the accumulation of the K+ and the formation of ATP and creatine phosphate as well as the formation of numerous metabolites (Bradford, 1967 (Bradford, , 1969 Bradford & Thomas, 1969) . Moreover, the concentrations of K+, highenergy phosphates and respiration are maintained over several hours (H. F. Bradford, D. G. Jones & J. Booher, unpublished work). The particles extrude Na+ (Ling & AbdelLatif, 1968) , and the extent of the stimulation of respiration by Na+ added to the medium
